The colloidal material with its high adsorptive power probably, therefore, acts to a considerable extent as a regulator of the character of the soil solution, influencing the kind and concentration of the various bases in true solution and affecting the rate at which the soil minerals decompose. The plasticity (Davis, 6) and coherence of soils are evidently functions of the colloidal matter or of some particular part of it. It has been generally recognized that part of the effects produced by different methods of cultivation 1 Reference is made by number (italic) to " Literature cited, " p. 39. 57580-24 1 and by the addition to the soil of various substances, such as lime r fertilizers, and manures, are to be attributed to the influence of these treatments on the condition of the colloidal matter present (Ehrenberg, 8) .
In order properly to The criterion of colloidal condition most generally adopted is that of size of the dispersed particles, the upper limit of colloidal particles usually being set at 0.1 micron. 2 The selection of exactly 0.1 micron as the upper limit of colloidal size is of course purely arbitrary.
There are no grounds for assuming that the adsorptive power, Brownian movement, or reactivity of dispersed particles shows a sharp break at this particular point. Moreover, in the case of emulsoid colloids in the gel condition, the classification on the basis of size is not determinate. The division at 0.1 micron does, however, throw the colloidal particles into the submicroscopic region.
In the case of soil constituents, also, a rigid distinction can not be made between colloidal and noncolloidal material. Nevertheless, there will probably be little disagreement concerning the colloidality of most of the soil material which is classified as colloidal in this paper.
In the investigation described here all the organic matter of the soil is regarded as colloidal. A considerable part of the organic matter in normal soils can be readily peptized or dispersed into particles 0.3 micron or less in diameter, and the part of the organic matter which is not so readily dispersable-the less humified material, such as partially decomposed roots and plant residues-is doubtless just as strictly colloidal as the material in a more advanced stage of decomposition.
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The celluloses and structural plant substances, as well as most of the intracellular material, is generally conceded to be of a colloidal nature, although in the dried state these substances can not readily be converted into the sol condition.
In this investigation all inorganic material was classified as colloid which could be dispersed into particles less than 1 micron in diameter without subjecting the soil to a drastic chemical or physical treat- ment that would disintegrate the mineral particles. One micron 2 Freundlich (10, 
PREVIOUS METHODS OF ESTIMATING THE COLLOIDAL MATERIAL IN SOILS.
The first to call particular attention to the colloidal matter in soils were Schloesing and Hilgard. Schloesing (31 , 32) rubbed up clays and agricultural soils with considerable quantities of water, separated the coarser sands by decantation, treated the washings containing the finer soil particles with acid to dissolve CaC0 3 , and then resuspended the fine material in water containing a little ammonia. The fine material from 5 grams of soil which remained in suspension for 24 hours in 2 liters of water he called "clay." He reported (32) 16 to 20 per cent of such material in heavy soils.
According to Schloesing (33, p. 476, and 34, p. 67), this clay fraction, as well as a natural clay, contained two classes of substances:
Very fine sands devoid of cohesion, and an amorphous substance, which he called 'Targile colloidale," that cemented the sand grains and was responsible for the plasticity of soils. This "colloidal clay" was very coherent, had a horny appearance, and was made up of formless (possibly submicroscopic) particles which would remain in suspension indefinitely. The colloidal clay was separated from the other material in the clay fraction by long-continued subsidence lasting several weeks or several months, with occasional decant ations to get rid of noncolloidal clay which settled out. The separation of colloidal clay from the very fine sands was considered complete when, ' Te microscope ne permet plus de decouvrir dans le liquide aucun element figure.' ' (34, p. 67.) He stated that clays or soils contained very rarely more than 1. 5 per cent of l'argile colloidale. Schloesing As a matter of fact, he probably dispersed only part of the colloidal matter in his preliminary treatment of the soil and then lost colloid in the residues from which he repeatedly decanted.
About the same time as Schloesing. Hilgard (16) In such cases the first treatment with water doubtless removes a certain amount of a soluble salt which has a flocculating effect. Konig and Hasenbaumer (17) Stremme and Aarnio (36) applied the Van Bemmelen method of determining colloids by digestion with sulphuric and hydrochloric acids to various rocks, and they concluded that the method was subject to error in that certain noncolloidal minerals were dissolved.
Van der Leeden and Schneider (18) Tempany (37) Schloesing (34) or that described by Ehrenberg (8, p. 102).
It also seemed to. have the same properties as the materials described by Hilgard (16) and by Williams (39 s As the work progressed the samples were reduced from 25 pounds to about 2 pounds, since it was found possible to eliminate losses of the finer soil material when the suspensions were passed through the supercentrifuge. In working with the Sassafras subsoil and the Marshall soil considerable suspended matter escaped through the bottom of the centrifuge bowl and became contaminated with oil on the bearing, so that it had to be discarded. These losses were avoided when working with the other three soils. By using water in place of oil for lubrication it was possible to recover and rework the material escaping from the centrifuge bowl. In the case of the Huntington subsoil a slight amount of material was lost, but in the case of the Sharkey and Vega Baja soils extraction and recovery of the colloidal material was practically quantitative; hence the results show the total quantities of this class of material present in these soils.
The residue left after decantation of the suspended material was repeatedly treated in the same manner as the original soil until it was apparent that no more material was to be dispersed by these means. This residue contained all the larger soil particles and constituted the " coarse fraction" discussed later.
The decanted suspensions were run through the supercentrifuge and the colloidal material passing through was concentrated as previously described on pages 8 The quantity of colloidal material present in these fine and coarse fractions was estimated with the petrographic microscope. The details and accuracy of the method have been described by Fry in another publication (13) .
Microscopical determinations of the colloidal material present in the fine and coarse fractions of Table 4 are reported in Table 5 . The adsorption ratios were calculated from data given in Table 4 . Table 5 for possible alteration produced in the extracted colloid, upon which the ratios are based.
Factors given in Table 9 were used for this purpose.
The corrected adsorption ratios and microscopical determinations on samples containing an appreciable amount of colloidal material are given in Table 6. 12 Data in Table 6 show that even in the untreated soil 12 Samples containing a small quantity of colloidal material had such low adsorptive capacities that the adsorption ratios could not be determined accurately. The comparisons of the adsorption ratios and microscopical determinations of colloid were, therefore, not significant in the case of these samples (Table 5) , and they were omitted from Table 8 Table 4 Howeyer, eyen if the yalues given in Table S were absolutely accurate, they probably would not indicate the exact degree of alterations of the colloids in the process of extraction. The data given in Table 8 are calculated on the assumption that all the adsorptive, or colloidal, matter has been altered in the process of extraction.
As a matter of fact, if there is an alteration in adsorptive capacity, it probably takes place chiefly or only in the colloid which is extracted.
The unextracted colloid in the fine and coarse fractions is doubtless in essentially the same condition it was in the untreated soil. The extracted colloid, however, has been converted from the gel to the sol condition and this increased dispersion, or a change in the material incident to the increased dispersion, is possibly responsible for the change in adsorptive capacity. Table 9 shows the alteration in adsorptive capacity of the extracted colloid, calculated on the assumption that only the extracted colloid is changed in the process of extraction. Data used as the basis for this calculation are given in Table 4 Just as in the previous calculation, it is assumed in these u If alteration in the adsorptive capacity of the colloid produced by extraction is a cause of the disagreement between dye, water, and ammonia ratios, one would not expect to find marked differences in alteration for dye and ammonia in the case of the Sharkey and Vega Baja soils, since the dye. water, and ammonia ratios on these soils agreed well. As a matter of fact there is noticeably less difference between the degree of alteration for dye and ammonia in the case of these soils than in the case of the others. BULLETIN 1193, TJ. S. DEPARTMENT OF AGRICULTURE.
calculations that the slight losses, or gains, in material taking place during fractionation were from the soil as a whole, and the adsorptions of the untreated soil given in Table 4 were decreased or increased from the observed values to allow for these losses or gains. Table 8 , columns 5 to 7, which were calculated on the assumption that the unextracted material was altered as well as the extracted.
The same general conclusions, however, are to be drawn from these calculations as from those given in the previous do not agree. It will be seen from the data to be given in Table 10 that when the adsorption ratios are corrected for the differences in the adsorptive capacity of the colloid u as extracted" and "as in the soil," the dye, water, and ammonia determinations show a reasonable agreement.
The chief source of inaccuracy in the calculated values given in Tables 8 and 9 is probably the uncertainty regarding the slight losses or gains of soil material occurring during separation of the colloid. If the loss of soil material were preponderantly colloid instead of the soil as a whole, the values calculated for the adsorptive capacity of the colloid when in the soil would be somewhat lower than those given in Table 9 and the amount adsorbed by the combined soil separates would be somewhat higher than the values given in Table 8 Table 9 , calculated on the assumption that the 3.8 per cent loss was from the soil as a whole.
Hence, so far as bringing about agreement in the adsorption ratios is concerned, it would make little difference which set of alteration values was used, although it would make a difference in the percentage of colloid shown by the ratio to be present in the soil. Fortunately it was found possible to determine the total quantity of colloidal material in the soil by a method entirely independent of adsorption determinations (Fry, 13 It was pointed out in a previous paper (Robinson, 26) that the average water-adsorptive capacity of the colloids extracted from 34 soils, including those given in Table 2 10. According to the data given in Table 10 (19) , Russell (29) , and Wiegner (38) (39) and the "clay" fraction obtained by Hilgard (15 16 However, Mellor points out as a significant fact that when these quantities of colloidal material arc extracted from the clays no detectable difference in plasticity is noted.
internal surface produced by their "web" or '"brush-heap" structure. 17 Obviously macroscopic particles of such material Tables 1 and 3 with similar data in Table 4 ). The 1-micron colloid as a rule is a little lower in adsorptive capacity for water and ammonia and markedly lower in adsorptive capacity for dye than the supercentrifuge colloid. This may well be due to the inclusion in the 1-micron colloid of a certain amount of common soil mineral particles ranging between 0.3 micron and 1 micron in diameter which would probably have a distinctly smaller adsorptive capacity than the gel-like colloidal material, especially for malachite green.
A previous investigation showed that prepared common soil mineral particles below 1 micron in size were low in adsorptive capacity, particularly for dye, as compared with the average colloidal material graded by the supercentrifuge. (Anderson, 1.) It is possible, however, that the difference in adsorptive capacities of the two samples of colloidal material is due simply to different degrees of alteration in adsorptive capacity produced by slightly different methods of preparing the samples. Unfortunately it was not possible to obtain data on the possible extent to which the colloids reported in Table 1 
